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Background: Excessive noise in nurseries has been found to cause adverse effects 
in infants, especially preterm infants in neonatal intensive care units (NICUs). The 
NICU design may influence the background sound level. We compared the sound 
level in two differently designed spaces in one NICU. We hypothesized that the 
sound level in an enclosed space would be quieter than in an open space.
Methods: Sound levels were measured continuously 24 hours a day in two separate 
spaces at the same time, one enclosed and one open. Sound-level meters were 
placed near beds in each room. Sound levels were expressed as decibels, A-weighted 
(dBA) and presented as hourly Leq, Lmax, L10, and L90.
Results: The hourly Leq in the open space (50.8−57.2 dB) was greater than that of 
the enclosed space (45.9−51.7 dB), with a difference of 0.4−10.4 dB, and a mean 
difference of 4.5 dB (p < 0.0001). The hourly L10, L90, and Lmax in the open space also 
exceeded that in the enclosed space (p < 0.0001).
Conclusion: The sound level measured in the enclosed space was quieter than in 
the open space. The design of bed space should be taken into consideration when 
building a new NICU. Besides the design of NICU architecture, continuous monitoring 
of sound level in the NICU is important to maintain a quiet environment.
The Influence of Neonatal Intensive Care Unit 
Design on Sound Level
Hsin-Li Chen1, Chao-Huei Chen2*, Chih-Chao Wu3, Hsiu-Jung Huang3, 
Teh-Ming Wang2, Chia-Chi Hsu2
1Department of Pediatrics, St. Joseph’s Hospital, Yunlin,Taiwan
2Department of Pediatrics, Taichung Veterans General Hospital, Taichung,Taiwan
3Department of Environmental Engineering and Science, Feng Chia University, Taichung, Taiwan
Received: Jun 19, 2008
Revised: Dec 24, 2008
Accepted: Mar 31, 2009
KEY WORDS:
design; 
infant; 
intensive care unit, 
 neonatal; 
noise
1. Introduction
Noise has been known to cause many adverse ef-
fects in infants when in nursery, especially in pre-
term infants who stay in neonatal intensive care 
units (NICUs) for long periods.1−3 Noise in the NICU 
may cause hearing impairments, sleep distur-
bance, somatic effects, and hindering of emotional 
development in preterm infants.4,5 Studies have 
revealed that noise may induce physiological in-
stabilities in infants which include fluctuations in 
heart rates, blood pressure, perfusion and oxygen 
saturation, increases of intracranial pressure, 
and alterations in corticosteroid levels.1,2 Noise 
in NICUs commonly causes sleep disruption in 
infants.6,7 Ambi ent noise in the NICU can contrib-
ute to language or auditory processing disorders 
in preterm neonates.8 Noise reduction in the NICU 
is an important part of preterm patient care to 
prevent potentially dangerous events and improve 
the quality of life and development of preterm 
infants.
Noise in the NICU often arises from human 
sources, machines, and background noise. Reduction 
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of noise caused by hospital worker activity, nursing, 
ward rounds, and loud talking is an important part of 
noise control. Continuous monitoring of noise in the 
NICU and alarm systems to remind hospital workers 
of exceeding noise levels have been shown to be 
effective in noise reduction.9 The sound of monitor 
alarms, mechanical ventilators, phones and back-
ground noise are also important components of noise. 
The construction and design of the NICU are major 
factors influencing the background sound level. 
Recommended standards have been proposed for 
NICUs including recommendations regarding space, 
location, construction, and sound level.10 There is 
a trend toward the design of private rooms in new 
NICUs.11 A single-patient or double-patient room in 
an NICU can reduce noise levels due to a reduction 
in personnel and machines. The private room is also 
better for family-centered patient care and devel-
opmental care of preterm infants. However, most 
NICUs in Taiwan have been constructed as wide-open 
spaces. Whether a closed space design in NICUs de-
creases noise is not yet known. In our previous study 
comparing sound levels of open and enclosed spaces, 
louder sound levels were found in the enclosed 
space.12 The sound level was measured by a pho-
nometer suspended from the ceiling in the center 
of the room (previously described by Philbin 
et al4). We redesigned the study to measure the 
sound level with the phonometer nearer the patient 
and compared the difference in sound measured 
between the two spaces.
2. Materials and Methods
Our study was conducted in the NICU at Taichung 
Veterans General Hospital. There are three spaces 
for patient care in our NICU. The three spaces are 
rectangular and of the same size (6 × 5 meters), 
and there are six beds in each space. We chose two 
spaces for the comparison of sound. One space is 
an enclosed space with cement walls surrounding 
it and a controllable door. The other space is an 
open area with a line of wooden closets separating 
it from the other open space; it is adjacent to the 
nursing station. Patients are assigned to these beds 
by availability alone. Sound levels were measured 
continuously 24 hours a day using two sound-level 
meters (Sound Level Meter NL-31; Rion Co. Ltd., 
Tokyo, Japan) in each room. Sound-level meters 
were placed near the bedside in each room and 
away from the wall and the floor to minimize the 
effects of sound vibration. Sound levels were meas-
ured using an A-weighted, slow response time and 
expressed in decibels, A-weighted (dBA). The A-
weighted scale is a frequency-weighting filter that 
filters off low-frequency sounds and can simulate 
human hearing. The slow response time averages 
the noise levels every second and decreases the 
variability caused by sound bursts with a very short 
duration. Sound levels were expressed as dBA and 
presented hourly as Leq, Lmax, L10, and L90. The Leq 
(equivalent level) is the sound level that, if con-
stant, results in the same total amount of acoustic 
energy as the actual changing sound levels re-
corded over the selected interval of time. The Lmax 
(maximum level) is the highest sound level in any 
of the short measuring intervals. The L10 is the 
sound level that exceeds 10% of the sound levels of 
the measurement period, and is representative of 
a level of relative loudness. The L90 is a sound level 
that exceeds 90% of the sound levels of the meas-
urement period, and is representative of a level of 
relative quiet. All sound levels were collected and 
statistically analyzed. The mean levels, standard 
deviation, and differences in time factors for Leq, 
Lmax, L10, and L90 were analyzed. A p value < 0.05 
was considered significant. We used the recom-
mended standard for sound levels in the NICU pro-
posed by White as a standard.10 He recommended 
that sound levels in the infant area of NICU should 
not exceed: (1) an hourly Leq of 45 dB, (2) an 
hourly L10 of 50 dB and (3) a transient LMAX of 65dB, 
all A-weighted, slow response time.10
3. Results
There were five patients and four mechanical 
ventilators in use in each room on the day we 
measured the sound. There were five patients in 
the incubator in the enclosed space and three 
patients in the incubator in the open space. 
Patients’ severity of illness—evaluated by the neo-
natal morbidity scale—was not significant differ-
ence between the two spaces. Figures 1A and 1B 
show the daily sound levels for the hourly Leq, Lmax, 
L10, and L90 in each space. Sound level differences 
of more than 3 dB, 5dB, and 10dB are illustrated. A 
3-dB change in sound level is just perceptible 
by humans, a 5-dB change in sound level will be 
clearly perceptible by humans, and a 10-dB change 
in sound level will be perceived as twice as loud 
by humans.13 The hourly Leq in the open space 
(50.8−57.2 dB) was greater than the enclosed 
space (45.9−51.7 dB), with a difference of 0.4−
10.4 dB and a mean difference of 4.5 dB. All Leq 
in each space exceeded the recommended stand-
ard suggested by White (45 dB). The mean hourly 
L10, L90 and Lmax in the open space also exceeded 
that of the closed space. Statistical analysis of 
sound levels of mean hourly Leq, Lmax, L10, and L90 
all revealed significant differences (p < 0.0001) 
(Table 1).
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4. Discussion
The acoustic environment in the NICU is a function 
of both the facility (for example, mechanical systems 
of the building, the intrusion of exterior sounds, 
the sound containment afforded by doors/walls, 
and the sound absorption afforded by furniture 
surfaces) and the operation (for example, the ac-
tivities of people and functioning of equipment 
and furnishings).10 Noise can be minimized through 
staff education, continuous monitoring and alarm 
systems, and improvements in NICU design and 
construction. Some simple strategies have been 
suggested to reduce the noise in the nursery. These 
include relocation of telephones, printers, and 
computers from the care unit, adjustment of mon-
itor alarm volume and covering the tops of incuba-
tors with blankets.14 Continuous sound monitoring 
in the NICU is important to remind staff to contin-
uously keep levels as low as possible. Staff can 
change their behavior, by speaking more softly, 
limiting nurse shift changes and physician rounds 
at the bedsides, discontinuing the use of the top of 
incubators for charting and equipment, closing in-
cubator doors gently, and setting pagers to vibra-
tion mode.15 Besides these strategies, improvement 
of construction and design of NICUs is also impor-
tant for noise reduction. This can be done by im-
provement of constructional material, location of 
NICU, space design, and sound-generating mechani-
cal systems. Studies have revealed that to achieve 
the goal of an hourly Leq of below 45 dB, the fol-
lowing should be employed: a good NICU design—to 
reduce background sound level in a facility to 
below 35 dB, and a conscientious effort to keep 
operational sound to below 10 dB.10
Our previous study—with the sound-level meter 
hanging from the ceiling—revealed louder noise in 
the enclosed space than in the open space. This could 
have been caused by noise from the ventilating 
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Figure 1A Mean hourly equivalent continuous sound level (Leq) and maximum sound level (Lmax). *Sound level differ-
ence > 3 dB; †sound level difference > 5 dB; ‡sound level difference > 10 dB.
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system. In the present study, we compared the sound 
level of the enclosed space and open space with 
the sound-level meter placed around the bedside. 
The result revealed that the enclosed space had a 
quieter environment than the open space. The 
best way to evaluate the differences in background 
noise between spaces is to record sound levels 
without patients. However, this is not practical in 
a working NICU. We therefore controlled patient 
number and disease severity on measurement days 
to decrease the significance of operational effects.
In this study, the 4.5-dB difference in mean 
hourly Leq was perceptible to human ears. The de-
sign of the enclosed space or even private space 
should be taken into consideration when building 
new NICUs. There is a trend towards the design of 
Table 1 Statistical analysis of sound levels
 Open space Closed space p
Leq mean (SD) 53.4 (1.64) 48.9 (1.63)  < 0.0001*
L10 mean (SD) 56.1 (2.01) 51.1 (2.64)  < 0.0001*
L90 median (range) 48.55 (47.3, 50.1) 45.15 (42.8, 47.3)  < 0.0001†
Lmax mean (SD) 70.1 (3.56) 65.3 (4.41)  < 0.0001*
*Independent t test; †Mann-Whitney U test. SD = standard deviation.
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Figure 1B Mean hourly ten percentile sound level (L10) and ninety percentile sound level (L90). *Sound level differ-
ence > 3dB; †sound level difference > 5 dB; ‡sound level difference > 10 dB.
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private rooms in new NICUs.11 This not only reduces 
noise, due to a reduction in people and machines 
in the room, but is also better for family-centered 
patient care and developmental care of preterm 
infants. It may be not easy to design private rooms 
in NICUs in Taiwan due to the limited resources of 
the national health insurance system. However, 
wide-open space design should be avoided to main-
tain noise control.
The sound levels in this NICU, even in the 
enclosed space, exceeded the recommended level. 
Using sound absorbent surface materials can help 
to reduce sound. Continuous monitoring of sound 
levels is also important to remind staff to provide 
a quieter environment for vulnerable infants.
5. Conclusions
The sound level in the enclosed room was quieter 
than that in the open space. An enclosed private 
space not only decreases sound levels but also 
gives families privacy. Such arrangements should 
be taken into consideration when building new 
NICUs. Continuous monitoring of sound levels is 
crucial to maintain a quiet environment.
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